Stomach contents of thorny skates, Raja radiata, collected in the Northwest Atlantic from West Greenland to Georges Bank during 1947-67, were examined and measured by volume. The stomach contents consisted mostly of fish, followed by decapods (especially spider crabs and hermit crabs), cephalopods and polychaetes. The most numerous food items, in descending order of occurrence, were crabs, polychaetes, shrimp, sand lance, amphipods and capel in. The stomachs of smaller skates contained higher proportions of cephalopods, polychaetes and amphipods and lower proportions of fish species than the larger skates. Over 30% of the fish food was composed of fish and fish viscera, mainly cod and haddock, discarded from fishing vessels. The presence of whelks without shells in the stomachs indicates that this skate may be able to shake whelks out of their shells for food. 9 1 13 4 7 35 42 110 152
Introduction
Until the work of McEachran et al. (1976) , which included food of the thorny skate in the southern part of its range in the western North Atlantic, only generalities, based on few specimens, were available on the food of this skate (Bigelow and Schroeder, 1953a) . Studies on the food of other western Atlantic skates have been reported by Richards et al. (1963) for Raja erinaeea, Fitz and Daiber (1963) for R. erinaeea and Raja eglanteria, and McEachran et al. (1976) for R. erinaeea, Raja oeel/ata and Raja senta. The food of various species of skates in the Northeast Atlantic has been reported by many researchers, including Steven (1930) , Du Buit (1968) , Holden and Tucker (1974) and Ajayi (1982) .
Materials and Methods
Stomach contents of 446 thorny skates in the fresh condition, taken mainly in bottom otter-trawl by research vessels operating from the St. John's Biologi-cal Station but occasionally by commercial trawlers, were examined during 1947-67. Of these, 325 had food in their stomachs. These examinations were carried out, as time permitted, on specimens collected from nearly all parts of the Northwest Atlantic region, extending from West Greenland to Georges Bank, in conjunction with other studies on the thorny skate (Templeman, 1982) . The examinations were carried out in the field and usually permitted classification of the food items only to species or groups readily recognizable by the author without further detailed investigation. Volumetric measurements of the different food items in the stomachs were made by displacement of water in a graduated cylinder.
The numbers of thorny skate stomachs containing food by length and depth ranges from the various NAFO divisions are listed in Table 1 . In view of the small amounts of many prey species, the greatly different numbers of skates in the length and depth ranges from the various parts of the large region under consideration, and distortions due to the usual impossibility of determining whether some of the species, especially partly digested material, were taken directly as food or represented the stomach contents of the prey species, it was not considered worthwhile to present finer divisions of the data than those for two length ranges of skates from two depth ranges in the entire region. The skates were measured as total length from the tip of the snout to the tip of the tail.
Results
The food percentages in Table 2 are based on the total volumetric contents of stomachs containing food. Fish, inc Iud ing f ish offaI (17%), mad e up 74 % of the stomach contents, the most important food fishes being redfish, Sebastes sp. (18%), haddock, Melanogrammus aeglefinus (14%) and sand lance, Ammodytes sp. (12%). Most of the fish offal was cod and haddock (16%). Invertebrate food constituted 25% of the stomach contents, the most numerous groups being crabs (14%), cephalopods (5%), and polychaetes (4%). Invertebrates were most numerous as food, with spider crabs and hermit crabs being found in 30 and 17% of the stomachs respectively, followed by polychaetes (30%), shrimp (17%) and amphipods (12%). The most numerous fish species occurring as food were sand lance (14%) and capelin (7%).
The stomach contents of the smaller (21-60 ern) skates consisted of higher percentages of crabs (22%), cephalopods (20%), polychaetes (11%) and amphipods (4%) than the larger (61-102 cm) skates (14, 3, 3 and 0.1 % respectively). These four groups of food items also occurred in higher percentages of the stomachs of smaller skates. Fish species were more important as food for the larger skates (78% by volume) than for the smaller skates (35% by volume), with the overall frequency of occurrence in the larger skates being more than twice that in the smaller ones. The Iarqer skates fed on a much greater variety of fish species than the smaller skates, with sand lance being relatively important as food for each size group.
With respect to depth, fish (including offal) made up 69% of the total food volume in the stomachs of thorny skate from the 17-200 m depth range and 82% from the 201-700 m depth range, with haddock and sand lance being the most important food fishes at the shallower depths and redfish and sand lance at greater depths. Among the invertebrates, cephalopods were most important as food in deep water and crabs in shallow water. Polychaetes were commonly used as food and occurred in 30% of the stomachs in each depth range. The shrimp, Sergestes sp., and octopus Stomach contents of thorny skates in the Northwest Atlantic (from West Greenland to Georges Bank) in percentages of total stomach contents for each length and depth range.
(Values in parentheses are percentages of presence of food item in stomachs containing food; these percentages are not additive because more than one type of food was found in a stomach. 
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Some of the prey species are usually found only in the northern and southern part of the region; for example, Gonatus fabricii occurs only from the Grand Bank northward and II/ex il/ecebrosus from eastern Newfoundland southward. Haddock are most common from the southern Grand Bank and St. Pierre Bank southward to Georges Bank. The large quantities of haddock, cod and white hake and the offal of haddock, pollock, white hake and redfish were recorded mainly from the stomachs of thorny skates captured on Grand Bank and St. Pierre Bank. Typically, large quantities of these food items were recorded from relatively few large skates; for example, 90% of the volume of haddock in the stomachs came from nine large skates in a sample collected in April 1953 from the southwestern Grand Bank. The following observations were noted when these skates were examined: "The stomachs very often contained haddock of the size very common on the Grand Bank, mostly 32-36 cm long. These haddock in the skate stomachs were usual!y in excellent shape and were either picked up as discards from the trawlers or were obtained in the otter trawl." .
In 10 skate stomachs containing whelks without shells, a total volume of 116 ml of whelks was noted, whereas only 15 ml of whelks in their shells were found in a total of three stomachs. Hermit crabs which live in whelk shells were occasionally noted in the skate stomachs without their protective whelk shells.
Discussion
For thorny skates, R. radiata, from the southern part of the Northwest Atlantic region (southern Scotian Shelf to Cape Hatteras), McEachran et al. (1976) found that fishes constituted 50% of the food volume and occurred in 25% of the stomachs. The higher percentages of fish (75% by volume in 50% of the stomachs)
found in the present analysis were due partly to the relatively greater number of large skates (69% in the 61-102 cm length range) and partly to extensive feeding on cod and haddock viscera and on small haddock, large amounts of which were discarded by commercial trawlers fishing on Grand Bank and St. Pierre Bank (Templeman et a/., 1978; Templeman and Bishop, 1979) . Similarly, Tyler (1972) reported that fish made up a higher proportion of the diet of large R. radiata (40-65 cm long) than of smaller ones (15-39 cm). McEachran et a/. (1976) reported that fish was a major component of the diet of R. radiata and R. oeellata longer than 70 cm in the southern part of the Northwest Atlantic, the volume of fish in the stomachs of the latter species increasing rapidly to 70% in 80-89 cm fish and to 80% in 90-99 cm fish. Similarly, Steven (1932 ), Du Buit (1968 , Holden and Tucker (1974) and Ajayi (1982) noted, for a number of European species of Raja, an increasing proportion of fish in the stomachs with increase in size of the skates. McEachran et a/. (1976) also showed that, for sympatric pairs of western North Atlantic skates, fish was more important as food in the larger species, R. oeellata and R. radiata, than in smaller members of the pairs, R. erinaeea and R. senta. Templeman (1973) found that fish was greatly predominant as food in 95-170 cm specimens of the large deepwater skate, Bathyraja riehardsoni.
Sand lance, Ammodytes sp., fairly important in the food of R. radiata in this paper (12% by volume in 14% of the stomachs), was the most important fish prey of R. oeellata (McEachran et a/., 1976) . Sand lance typically burrow into the sand' (Goode, 1884; Bigelow and Schroeder, 1953b) and skates may capture them while foraging over sandy bottom.
The importance of crabs and polychaetes as food items in the stomach samples reported here and the greater importance of amphipods in smaller than in larger thorny skates are similar to the observations by McEachran et a/. (1976) for R. radiata. However, the proportions by volume of these invertebrates in the stomachs are probably artifically low, because many of the thorny skates taken off Newfoundland fed mainly on a variety of fish species which were abundant in the area at the time of sampling, in contrast to the present situation where haddock are very scarce on Grand Bank and St. Pierre Bank and the cod stocks are much less abundant than previously.
The observed presence in the skate stomachs of quantities of whelks mostly without shells and of some hermit crabs without the whelk shells in which they live agrees with the observations of Brightwell (1953) , who reported that fragments of whelks, sometimes large portions, were found in the stomachs of the dogfish, Seyliorhinus eanieula, but never any whelk shells. He noted, from aquarium observations, that the dogfish caught the expanded head and foot of a whelk in its jaws and shook it out of its shell and that hermit crabs were extracted from their shells in the same way.
